Introduction
Type 2 diabetes mellitus (T2DM) is the most common form of diabetes and is associated with significant morbidity and mortality worldwide. 1 In the last decade, high population growth rate, urbanization, and increase in average age of population have contributed significantly to the T2DM incidence. 2 Metformin, a biguanide antihyperglycemic drug, is prescribed in T2DM patients either as a monotherapy or in combination with sulfonylurea, dipeptidyl peptidase-4 inhibitor, or sodium-glucose cotransporter inhibitor in divided doses twice to thrice daily. 1, 3, 4 It is considered as the first-line pharmacologic treatment. 3 However, many patients cannot tolerate metformin in adequate amounts due to its gastrointestinal (GI) side effects such as nausea, vomiting, headache, diarrhea, stomach pain, increased flatulence, indigestion, abdominal discomfort, and loss of appetite along with metallic taste. 5 These side effects are considered as one of the major reasons for patient noncompliance and metformin discontinuation. 6 Hence, an extended-release (ER) formulation of metformin with once-daily dosage was developed to reduce the GI side effects and improve patient adherence to treatment. 7, 8 However, metformin ER tablet was associated with a "ghost pill" effect; ie, an insoluble external shell of the pill is excreted intact in feces and serves as a source of anxiety and mistrust among patients and caregivers. This effect though does not hamper the drug absorption, or its efficacy should be handled in a sensitive manner. 9 Abbott has recently developed a smaller sized metformin 500 mg prolonged release (PR) tablet containing metformin hydrochloride 500 mg (Gluformin I 500 mg), with the help of technological advancement, with the rationale to improve metformin ER formulation and enhance patient adherence to the prescribed regimen. The PR formulation of metformin 500 mg has sustained uniform drug release profile without the burst release phenomenon that is observed with metformin 500 mg ER formulation. This reduces GI irritation and improves patient satisfaction and medication adherence. The oval shape, small size, and specific coating (length: 13.99 mm; breadth: 8.99 mm, and height: 7.73 mm) of the tablet facilitate easy gliding of the tablet in the mouth, further increasing patient compliance. Although the metformin 500 mg PR tablet appears to have some added advantages over metformin 500 mg ER formulation, no clinical trials have been conducted yet to compare these formulations.
To the best of our knowledge, this is the first postmarketing observational study (using physician-approved validated questionnaire) to compare adherence, satisfaction, and experience with the technologically advanced formulation of metformin 500 mg PR tablet in comparison with metformin 500 mg ER tablet in Indian patients with T2DM.
Patients and methods Patients
Patients with an established diagnosis of T2DM who were on a stable dose of metformin 500 mg PR tablet for at least 1 month and received metformin 500 mg ER tablets previously were enrolled in this prospective, single-visit, nonrandomized, postmarketing observational study. The patients were recruited from January 3, 2017, to September 15, 2017 Figure 1 ). The reason for the clinical decision to shift a patient from metformin 500 mg ER to metformin 500 mg PR tablets was not decided by the study protocol but was the sole discretion of the treating physician as a part of their practice judgment and was recorded in the case report form (CRF).
Both male and female patients aged between 18 and 60 years were considered eligible to participate in this study after signing the patient authorization form, which incorporated informed consent and allotted a unique identification number to maintain their privacy and confidentiality. Patients who had received any other oral hypoglycemic drugs, metformin combination therapy, or insulin within 3 months before screening were not included in the study. Additionally, patients who had a severe chronic GI problem; cardiac, hepatic, neurological, renal diseases or malignancies; exacerbation of chronic illnesses; or severe and acute infections; complicated infections or those participated in any other interventional trial within 30 days prior to screening were excluded from the study. Pregnant and lactating women or those unable to understand the study or provide answers to the questionnaire were also excluded from the study.
Data collection
The demographic details, medical/surgical/family history, vital signs, general physical examination, diagnosis and duration of T2DM treatment, details of concomitant illness, and medications and adverse events (AEs) were recorded in the CRF.
Patients' adherence, experience, and satisfaction with metformin 500 mg PR tablets for at least 1 month were assessed by the questionnaire (Table S1 ). This paper-based study questionnaire was prepared by six physicians (three from Hyderabad, two from Mumbai, and one from Bangalore) and evaluated the following five items-1) medication adherence, 2) reasons for noncompliance with metformin 500 mg 
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Kumar et al ER tablets, 3) patient's experience and 4) satisfaction with metformin 500 mg PR tablets as compared with metformin 500 mg ER tablets, and 5) patient's preference of antidiabetic medication (metformin 500 mg PR or metformin 500 mg ER tablets). The study protocol and other related documents were approved by two independent ethics committees: CLINICOM independent ethics committee for sites at east and south zones and CONSCIENCE independent ethics committee for sites at north and west zones.
The study was conducted as per the guidelines of Declaration of Helsinki, International Council for Harmonization Good Clinical Practice standards, Indian Council of Medical Research, Indian GCP Guidelines, and the approved protocol.
study assessment tools
Patient's adherence was assessed on the basis of an eight-item scale. A score >2 was considered as low adherence; a score between 1 and 2 was considered as medium adherence; and a score of 0 was considered as high adherence.
Patient's experience with metformin 500 mg PR tablets, as compared with metformin 500 mg ER tablets, was rated on a scale of 0-4 where scores are indicated as 0 = "strongly agree," 1 = "agree," 2 = "neither agree or disagree," 3 = "disagree," and 4 = "strongly disagree."
The symptoms of abdominal discomfort after taking metformin 500 mg PR tablets were rated on a scale of 0-4 where scores are indicated as 0 = "did not suffer at all," 1 = "suffered 1-2 times in past 2 weeks," 2 = "suffered 5-6 times 
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The symptoms of abdominal discomfort after taking metformin 500 mg ER tablets were indicated as "yes" or "no."
The comfort level with metformin 500 mg PR tablets against metformin 500 mg ER tablets was rated on a scale of 0-4 where scores are indicated as 0 = "very comfortable," 1 = "comfortable," 2 = "neutral," 3 = "uncomfortable," and 4 = "very uncomfortable."
The effect of metformin 500 mg PR tablets on patient's well-being was compared with metformin 500 mg ER tablets on a scale of 0-4 where scores are indicated as 0 = "a great deal," 1 = "much," 2 = "somewhat," 3 "little," and 4 = "not much effect."
The level of satisfaction with metformin 500 mg PR tablets, compared with metformin 500 mg ER tablets, was rated on a scale of 0-4 where scores are indicated as 0 = "very satisfied," 1 = "satisfied," 2 = "neutral," 3 = "dissatisfied," and 4 = "very dissatisfied."
study outcomes
The primary outcome of the study was to determine the proportion of patients with low, medium, and high adherence to metformin 500 mg PR tablets in the past 2 weeks (as indicated by the final score of question 1 of the patient questionnaire). The secondary outcomes were the proportion of patients 1) who rated metformin 500 mg PR against metformin 500 mg ER tablets when inquired about any feeling of discomfort while swallowing the tablet, ease of swallowing because of its size and shape, and acceptability due to no aftertaste; 2) who had nausea, vomiting, diarrhea, stomach pain, increased flatulence, and loss of appetite (symptoms under abdominal discomfort) when they were on metformin 500 mg PR tablets and metformin 500 mg ER tablets; 3) who experienced ghost pill effect with metformin 500 mg PR vs metformin 500 mg ER tablets; 4) who rated their comfort with metformin 500 mg PR tablets against metformin 500 mg ER tablets; 5) who rated their well-being with metformin 500 mg PR tablets against metformin 500 mg ER tablets; and 6) who rated their satisfaction with metformin 500 mg PR tablets against metformin 500 mg ER tablets.
Other additional study outcomes were physician-cited reasons for changing the antidiabetic medication from metformin 500 mg ER to metformin 500 mg PR tablets and patient-cited reasons for noncompliance when on metformin 500 mg ER tablets. The safety outcome of the study was to record the nature and frequency of AEs.
statistical analysis
As this was a noninterventional study, no formal sample size calculation was done. To make sample size sufficiently large enough to estimate the proportion of treatment adherence to metformin 500 mg PR tablet at the level of precision ≤0.05, ~1,000 patients were planned to be enrolled in the study. The data obtained from the patients and physicians were summarized descriptively; the continuous variables were presented as mean ± SD and the categorical variables as frequencies and percentages. The statistical analysis was done using Statistical Analysis System ® Version 9.4 software.
Results

Baseline characteristics
Of 1,000 enrolled patients, 548 were men and 452 were women. The mean age, body mass index, and waist circumference were 46.6±9.3 years, 26.5±4.3 kg/m 2 , and 90.2±11.0 cm, respectively. The majority of the patients were married (94.7%), were graduates or postgraduates (47%), were semi-professionals (31%), had a monthly family income in the range of Rs 18,498-36,996 (39.1%), and belonged to upper-middle socioeconomic class (56.4%; Table 1 ).
A total of 380 patients had a family history of diabetes where >5% of the patients had their parents (28.4%) or immediate siblings (8.6%) as diabetic. More than 10% of the patients were associated with hypertension (26%) or dyslipidemia (13.3%) and were on either telmisartan (16.1%), rosuvastatin (10.4%), or atorvastatin (6.8%).
Diabetes-related complications were evident in <1% of the overall population. The vital signs (pulse and respiratory rate and diastolic blood pressure [BP]) were normal. The mean ± SD systolic BP and diastolic BP were 128.1±12.1 and 80.2±7.5 mmHg, respectively. The majority of the patients had normal findings on a physical examination.
study outcomes
Of the 1,000 patients, the data of one patient was missing. A total of 999 (99.9%) subjects completed and signed the questionnaire. Table 2 summarizes the results of the study outcomes.
Primary outcome
The mean treatment adherence score was reported to be 2.64±1.71. Of the 1,000 patients, 44.5% had low adherence, 54% had medium adherence, and 1.4% had high adherence to metformin 500 mg PR tablets. 
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Ease of swallowing (because of its size and shape), acceptability (due to no aftertaste), comfort, patients' well-being, and satisfaction with metformin 500 mg PR tablets in comparison with metformin 500 mg ER tablets are the secondary outcomes of this study. More than 60% of the patients reported "agreed" that they did not have any feeling of discomfort while swallowing the metformin 500 mg PR tablet (66.2%) as compared with metformin 500 mg ER tablets. Metformin 500 mg PR tablet was easier to swallow because of its size (64.4%) and shape (63.4%) and was considered as more acceptable than metformin 500 mg ER tablets due to its no aftertaste (63%).
The majority (67.9%) of the patients reported being "comfortable" followed by "very comfortable" (22.4%) with metformin 500 mg PR tablets in comparison with metformin 500 mg ER tablets. The majority (61.8%) of the patients reported a "much" effect followed by "a great deal" (21.3%) and a "somewhat" (14.6%) effect on their well-being after taking metformin 500 mg PR tablets as compared to metformin 500 mg ER tablets. More than three fourths (69%) of the patients reported being "satisfied" followed by "very satisfied" (21.7%) with metformin 500 mg PR tablets compared with metformin 500 mg ER tablets.
abdominal discomfort
More than 99% of the patients on metformin 500 mg PR tablets reported that they "did not suffer at all" of any symptoms under abdominal discomfort, including nausea, vomiting, diarrhea, stomach pain, increased flatulence, and loss of appetite. In addition, none of the patients taking metformin 500 mg ER tablets experienced nausea, vomiting, stomach pain, increased flatulence, and loss of appetite. One patient experienced diarrhea on taking metformin 500 mg ER tablet.
Ghost pill effect
A higher proportion of patients experienced ghost pill effect with metformin 500 mg ER tablet compared with metformin 500 mg PR tablet (8.5% vs 0.7%).
reasons cited by physicians for changing the antidiabetic medication from metformin 500 mg er to metformin 500 mg Pr tablets
The most common reason cited by physicians for changing the antidiabetic medication from metformin 500 mg ER to metformin 500 mg PR tablets was "patient dissatisfaction with the former treatment" (42.7%) followed by "difficulty 
154
Kumar et al in swallowing metformin 500 mg ER tablet" due to its shape (23.3%) and size (20.5%).
reasons cited by patients for their noncompliance when on metformin 500 mg er tablets More than 10% of the patients cited that the reason for their noncompliance with metformin 500 mg ER tablets was the dislike of the taste of the medication (24.9%), followed by difficulty in swallowing due to its size (19.8%), their forgetfulness (13.1%), and feeling of tiredness in taking the medication daily (10.9%).
safety outcome
In total, ten AEs were reported during the study which included diarrhea, abdominal pain, decreased appetite, flatulence, nausea, vomiting, and head discomfort. All the AEs were nonserious and were resolved.
Discussion
Metformin is the most commonly prescribed drug in patients with T2DM and has been in clinical use for decades. 3 Over the last 15 years, it has been used successfully as the firstline therapy in patients with T2DM, largely as immediaterelease formulation requiring two or three times daily dosing. 6 Despite its clinical benefits, up to 25% of patients suffer from metformin-associated GI side effects, with ~5% unable to tolerate in adequate amounts. 10 These side effects may reduce compliance with metformin and cause treatment dissatisfaction among the users. Hence, once-daily ER formulation of metformin was developed, which improved GI tolerability and patient adherence to treatment. However, the excretion of nondisintegrated insoluble external shell with ER formulation "as a ghost pill" increased the anxiety and mistrust among patients. 9 Therefore, Abbott developed the technologically advanced formulation of metformin 500 mg PR tablet that is small in size and oval in shape and releases metformin uniformly without any burst release. This drug was expected to reduce GI-related side effects and improve patient satisfaction and treatment adherence. In the present study, we have compared medication adherence, patient satisfaction, and overall experience with metformin 500 mg PR tablet against metformin 500 mg ER tablet, using a selfvalidated physician-approved questionnaire.
More than 50% of our patients had medium adherence to metformin 500 mg PR tablets (54%). In addition,>60% of the patients were comfortable (67.9%) and satisfied (69%), had no feeling of discomfort after swallowing (66.2%), felt easy to swallow owing to its small size (64.4%) and oval shape (63.4%), and had higher acceptability to metformin 500 mg PR tablets due to its no aftertaste (63%). The most frequent reason for changing metformin 500 mg ER to metformin 500 mg PR regimen was treatment dissatisfaction (42.7%) followed by difficulty in swallowing the former antidiabetic tablet due to its shape (23.3%) and size (20.5%). Hence, the improved tablet design of metformin 500 mg PR tablets in terms of small size and oval shape (length: 13.99 mm; breadth: 8.99 mm, and height: 7.73 mm), no aftertaste, and hydrophilic matrix enhanced the swallowing of medication. This helped in good patient adherence and compliance with metformin 500 mg PR tablets as compared to metformin 500 mg ER tablets.
Our results were in corroboration with the previous literature where therapy-related factors, including treatment complexity; duration of treatment period; medication side effects; taste of medication; and size, shape, and ease-ofswallowing of tablets tend to affect patient compliance and treatment adherence. 11 A quantitative survey in 400 adults receiving valproate tablets for the past 6 months showed that approximately more than half (65.8%) of patients were "very interested" in medications that were easier to swallow. 12 Studies in adults suggest that increased size of tablets, >~8 mm in diameter, is associated with more patient complaints related to swallowing difficulties and therefore reduces treatment compliance. 13, 14 The difficulty in swallowing tablets is a problem in around 16 million people in the USA. 15 Of those who have trouble swallowing medications, around 8% skip the dose of prescribed medication, and 4% discontinued therapy because of the tablets. 16 Importantly, such individuals who find it difficult to swallow tablets frequently cite the size as the main reason for the difficulty in swallowing. 16 For any given size, certain shapes may be easier to swallow than others. Studies have suggested that oval tablets may be easier to swallow with faster esophageal transit times than round tablets of the same weight. 17 In 2001, Overgaard et al investigated the swallowability and the patient preferences of tablets with different sizes and shapes and revealed that the ideal tablet should be small and circular. The oval shape should be preferred if the amount of drug requires bigger tablet. 18 The forgetfulness, financial constraints and feeling of being well have been considered as the common reasons behind noncompliance with antidiabetic drugs. 19, 20 However, in our study, forgetfulness was cited by 13.1% patients, while financial constraints and interference with daily activities were reported by 0.2% and 3.1% patients, respectively, with metformin 500 mg ER tablets. The low proportion of patients reporting such reasons may be due to a once-daily dose regimen, good tolerability, and low cost of metformin 500 mg ER tablets, which had improved patient compliance and treatment adherence. However, the big size of the tablet and aftertaste of medication were the two main reasons cited for patient's noncompliance with metformin 500 mg ER tablets.
In this study, nearly all the patients using metformin 500 mg PR tablet reported that they do not suffer from any of the abdominal symptoms, viz. abdominal discomfort, nausea, vomiting, diarrhea, stomach pain, increased flatulence, and loss of appetite. Better tolerability with metformin 500 mg PR tablet may be due to improved tablet design, which releases metformin into upper intestine by diffusion from a dual hydrophilic polymer matrix. This feature helps to provide slower, smoother, and longer gastric residence time of metformin 500 mg PR tablet, without an initial rapid rise in plasma metformin (GelShield diffusion system). The results of this study were in agreement with the published literature in reporting fewer GI side effects with the use of once-daily metformin PR formulation than that of immediate-release metformin. 21, 22 Furthermore, we noted that the incidence of ghost pill effect was ~12 times lower with metformin 500 mg PR formulation as compared to metformin 500 mg ER formulation (8.5% vs 0.7%). This change in tablet formulation has helped in better acceptability and confidence among patients and diabetologists treating such patients. 23 In our study, nearly 8.3% of patients switched from metformin ER tablets to metformin 500 mg PR formulation due to the ghost pill effect of the former treatment.
Our study has few strengths and limitations. This is the first study that highlights the adherence, satisfaction, and experience with metformin 500 mg PR tablet in Indian patients with T2DM. Second, patients were recruited during a regular visit to their general practitioner ensuring homogeneity in sociodemographic variables. Third, the questionnaire was developed and validated by six doctors who are subject matter experts. Fourth, it was a Pan-India study covering 50 sites across India. Last, patients provided the quantitative responses to the questions captured in the questionnaire. However, there were also few limitations in the study. First, it was an open-label observational study which limited the viability of our results, so confounding factors affecting its outcomes cannot be excluded. Second, it was a single-visit study without any prospective follow-up, which limited the evaluation of metformin 500 mg PR tablets over a longer period of time. Third, there was no correlation of adherence, satisfaction, and experience of treatment with different sociodemographic factors and other patient characteristics. Fourth, there was a high probability of overreporting as the questionnaire captured all patient-reported responses. Nevertheless, this study was the first attempt to explore the benefits of metformin 500 mg PR tablet in terms of adherence, satisfaction, and experience among the patients with T2DM in India.
Conclusion
The smaller size, oval shape, no aftertaste after swallowing, and decreased incidence of ghost pill effect have improved patient adherence and satisfaction of metformin 500 mg PR tablet in T2DM management. The PR feature offers multiple advantages over the traditional formulations due to better drug delivery that increases subject acceptability, ease of administration, and compliance. Improved patient adherence, satisfaction, and well-being along with marked reduction in GI side effects led to the metformin 500 mg PR tablets being preferred in a majority of T2DM patients for use in routine clinical practice. This formulation has the potential to improve compliance and long-term health outcomes in patients with T2DM. However, its efficacy and safety should be compared with other antidiabetic drugs in large clinical trials to evaluate and justify the role of metformin 500 mg PR tablets in the management of T2DM.
